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Tetrahydrofuran (THF), 3,4-dialkyltetrahydrofurans, and 3,3,4,4-tetraalkyltetrahydrofurans are cleaved

smoothly by n-butyllithium in hexane yielding alkenes and lithium enoclates of aldehydes.
to proceed by abstraction of an @ hydrogen followed by — [+4s + 25] eycloreversion.

The reactions appear
In the case of THF it-

self, evidence was obtained for an 8% buildup of the o-metalated THF intermediate.

During lithiations with n-butyllithium in tetrahy-
drofuran (THF) at room temperature, we noted that, in
cases in which the substrate metalates slowly, butyl-
lithium cleaves THF smoothly to give butane, ethylene,
and the lithium enolate of acetaldehyde. This type of

o Lit
{ V + Buli — BuH + = + =
0

reaction has been reported previously? but not ex-
tensively studied. Because of the possibility that this
reaction would provide the most convenient route to
certain enolates (aldol condensation and polymerization
can complicate the reaction of an aldehyde with base,
but, in this cleavage route, aldehyde is never present), we
decided to look further at the scope and mechanism of
this reaction.

Experimental Section

Nmr spectra were recorded on Varian A-60 and HA-100 spec-
trometers; coupling constants are reported in hertz. Mass
spectra were measured with a Hitachi Perkin-Elmer RMU-6E
double-focusing spectrometer.

3,4-Dimethyltetrahydrofuran.—A 2.3-g (0.016 mol) sample of
2,3-dimethylsucecinic acid (Aldrich Chemical Co.) was placed in
a Soxhlet cup and the Soxhlet extractor was mounted above a
three-necked flask containing 0.9 g (0.023 mol) of LiAlH, and
100 ml of ether. The ether was refluxed until all of the diacid
had dissolved. The reaction flask was cooled to 0° and H,O
(6 ml) was added slowly with stirring. The ether solution was
decanted and then used to extract the solid residue for 24 hrin a
Soxhlet apparatus. The solvent was removed by distillation at
atmospheric pressure, and 839, H,PO, (0.2 ml) was added.
After the mixture was refluxed for 2 hr, the material boiling
below 100° was distilled out and dried by running a pentane
solution of it through a short alumina column (basie, activity I).
Removal of the bulk of the pentane by distillation gave 3,4-
dimethyltetrahydrofuran® (0.5 g, 309).

2,2,3,3-Tetramethylbutane-1,4-diol.—A solution of 049 g
(0.0031 mol) of tetramethylsuccinic anhydridet in 3 ml of THF

(1) Taken in part from the Ph.D. thesis of D, E. P., 1969, and the M.8.
thesis of L. M, K., 1970.

(2) (a) R. L. Letsinger and D. F. Pollart, J. Amer. Chem. Soc., T8, 6079
(1956), cleaved 2-phenyltetrahydrofuran with propylsodium and after work-
up obtained (among other products) propane, ethylene, and acetophenone.
(b) A. Rembaum, S. P. Siao, and N. Indictor, J. Polym. Sci., 86, 517 (1962),
reported that ethyllithium decomposed in THF at 25° to give, among other
products, ethylene and the lithium enolate of acetaldehyde. (c) Gilman
and coworkers [H. Gilman and G. L. Schwebke, J. Organometal. Chem., 4,
483 (1965), and references cited therein] have measured the rates of de-
composition of many organolithium compounds, including n-butyllithium,
in THF, but do not report the products in the cases of present interest.
(d) 8. C. Honeycutt, ¢bid., 29, 1 (1971), has recently reported a kinetic study
of the cleavage of THF by n-butyllithium.

(3) This material, like the starting acid, must be a mixture of dl and meso
forms. For earlier preparations of mixtures of these stereoisomers by differ-
ent methods, see Yu, K. Yur'ev and G. Ya. Kondrat’'eva, Zh. Obshch. Khim.,
24, 1645 (1954), and G. A. Razuvaev and L. S. Boguslavskaya, ¢bid., 32,
2320 (1962),

(4) A. F. Bickel and W. A. Waters, Recl. Trav. Chim. Pays-Bas, 69, 312
(1950).

Melting points are uncorrected. -

was added to a stirred solution of 1 g of lithium aluminum hy-
dride in 100 mlof THF. After 16 hr at reflux, 1 ml of water, 1 ml
of 159 NaOH, and 3 ml of water were added dropwise. The
liquid was decanted and the solids were rinsed with ether.
Evaporation gave crude diol, which on recrystallization from 60—
90° petroleum ether gave 0.21 g (47%,) of 2,2,3,3-tetramethyl-
butane-1,4-diol: mp 210-212° (sealed capillary; reported® 224°);
nmr (DCCl;) = 4.7 (broad s, 2), 6.7 (s, 4), and 9.1 (s, 12).

3,3,4,4-Tetramethyltetrahydrofuran.—In a sublimation ap-
paratus, a solution of 0.22 g of the above diol in 1.3 ml of re-
distilled dimethyl sulfoxide was heated for 16 hr at 160°.5 The
sublimate was resublimed at 100° to give 0.082 g (429,) of
3,3,4,4-tetramethyltetrahydrofuran: mp 106-107°; nmr (DC-
Cly) 7 6.4 (s, 4), 9.1 (s, 12); mass spectrum 56 (base) and 128
(parent).

Reaction of Tetrahydrofurans with «-Butyllithium.—The
tetrahydrofurans were dried over 4A molecular sieves activated by
heating at 210° for 8 hr. A 0.012-mol sample was placed in an
nmr tube. After cooling in a Dry Ice-isopropyl alcohol bath, n-
butyllithium (Foote Mineral Co., 0.5 ml, 0.0008 mol) in hexane
was added and the tube was sealed. The reactants were mixed
thoroughly by shaking, and the tube was placed in an nmr probe
at 35° for analysis at various time intervals. Sources of the tetra-
hydrofurans, their half-lives, and the products found are listed in
Table I.

The various products were identified most conveniently by
their nmr properties, especially ethylene, r 4.7 (s, 4); propyl-

Tasir I
Havr-Lives For CLEAVAGES AT 35°
ty /2 for 8
ty, for cleavage,
Ether Registry no. « cleavage, min min

Tetrahydrofuran® 109-99-9 10

3-Methyl- 13423-15-9 50/
tetrahydrofuran®

3,4-Dimethyl- 32970-37-9 70
tetrahydrofuran®

3,3,4,4-Tetramethyl- 32970-38-0 15 (at 80°)
tetrahydrofuran®

2-Methyl- 96-47-9 1309 70t
tetrahydrofuran®

2,2-Dimethyl- 1003-17-4 >3000 7007
tetrahydrofuran®

2,5-Dimethyl- 1003-38-9 >3000 700"
tetrahydrofuran?

@ ’ 279-49-2 10

Oxepane® 592-90-5 350

& Mallinckrodt Chemical Works. ? Aldrich Chemical Co.
¢See Experimental Section. ¢ Eastman Organic Chemicals.
¢ Chemical Samples Co. 7 Nearly equal amounts of the two
sets of a-cleavage products (propylene, the enolate of acetalde-
hyde; ethylene, the enolate of propionaldehyde) were observed.
7 The only observed a-cleavage products were the enolate of
acetaldehyde and propylene. * g cleavage involves only 8 pro-
tons external to the ring (i.e., in the methyl groups) in these
cases.

(5) M. F. Ansell, W, J. Hickenbottom, and P. G. Holton, J. Chem. Soc.,
349 (1955).
(6) B.T.Gillis and P. E. Beck, J. Org. Chem., 28, 1388 (1963).
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ene, vmyl patiern at r 4. 4, 5.1, and 5.2; the enolate of acetal-
dehyde r 3.08 (1, q, IT2), 6.85 (1 g, Hge), 6.4 (1, q, Hy), Joee =
5.4, Jaw = 13.4, Jyat = 2 0 IIA, the enolate of ploplonaldehyde,
73.30 (1, d, }Iz), 6.3 (1, m, Ha), Joy = 11.3; the enolate of iso-

ufyra]dehyde, 3.44 (1, s, Hy), 8.44 (3, s, CHy), 8.31 (3, s,
CH,). Kthylene was also characterized by its ir and mass spec-
tra. Further evidence for the presence of the enolate of acetal-
dehyde was obtained by adding its THF solution dropwise
to an agueous solution with vigorous stirring at 0°; distillation
gave acetaldehyde (ir, nmr).

Reaction of Oxepane with n-Butyllithium ——0xepane was B
cleaved smoothly under the above conditions to give the lithium
salt of 5-hexen-1-0], characterized by nmr absorption for the
vinyl group at ~4.18 (1, m), 4.98 (1, d, J = 16 Hz), and 5.12
(1,d,J = 10 Hz), and for the methylene next to oxygen at 5.48
(2, m).

Reaction of 2,5-Dihydrofuran with n-Butyllithium.—2,5-
Dihydrofuran (Aldrich Chemical Co.) cleaved rapidly under the
above conditions to give the sickle isomer 1 of the enolate of
crotonaldehyde: nmr 7 3.26 (1, m, Hy), 3.30 (1, d, Hy), 5.42
(1, q, Hg), 5.48 (1, q, I“I;,t), 3.75 (1, qa, H;’;c), st = 6, J34 = 10-5,
Jow = 17, Jsse = 10.5, st = 2 Hz.” After heating to 150° in
a sealed tube, the nmr was unchanged.

Evidence for o-Lithiotetrahydrofuran.—A kinetic study of the
THF cleavage was carried out in an nmr tube in the nmr probe
at 35°. The decrease in butyllithium absorption at 7 11 and the
increase in lithium enolate absorption at = 3.1 were observed at
20 intervals over a period of 1 hr. The curves obtained were
matched as well as possible using an analog computer and the
agsumption of the system

k1 ko
A—>B—C
(A = butyllithium, C = enolate). Theresulting rate constants
were by = 1 X 1073 sect and &y = 6 X 1072 sec™!; the curves
suggest an intermediate substance B which builds to & maximum
concentration of 109, after 4 min.

A similar reaction was quenched with ;0 after 4 min. The
extra height of the mass spectral peak at m/e 73 as compared to
a standard from quenching with H,O suggested that lithiotetra-
hydrofuran had been present in 8%, yield.

Lithium Enolate of Acetaldehyde:?/;Tetrahydrofuran—A
mixture of THF (1.0 ml, 0.012 mol) and n-butyllithium (4.0 ml,
0.0064 mol) in hexane was allowed to stand at room temperature
for 6 days. The liquid was decanted, and the crystals were
washed several times with hexane and then dissolved in THF-ds;
integration of the nmr spectrum showed THF and enolate in a
1.5 molar ratio.® The crystals decomposed when exposed to the
atmosphere for a few seconds.

Discussion

Scope.—As indicated by the first four entries in Table
I, it appears that “a cleavage” to an olefin and the
enolate of an aldehyde goes smoothly and quantita-
tively on tetrahydrofurans bearing no o substituents.
After the cleavage of THF, the resulting lithium
enolate solution is stable for at least 6 months. If de-
sired, the ethylene (and butane) can be removed with-
out affectlng the lithium enolate by heating at 40°
for several hours while passing nitrogen over the solu-
tion. Theunsymmetrical example, 3-methyltetrahydro-
furan, cleaved about equally in each direction,
suggesting that only with symmetrical tetrahydro-
furans will useful enolate syntheses be observed. The
slowing effect of alkyl groups observed in this
series is presumably due largely to the decreasing
polarity of the solvent; the THF is present in large
excess and serves as the principal solvent as well as a
reactant.

The next three entries in Table I show that, with an
a-methyl substituent, “B cleavage,” involving ab-

(7) H. Kloosterziel, J. A. A. van Drunen, and P. Galama, Chem. Commun,
885 (1969), report similar values for the potassium salt in NHs at —60°.
(8) We are indebted to Dr, 8. Brenner for this result.
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straction of a 8 proton from a methyl group, becomes
the predominant reaction. o cleavage is appreciably
slowed; it was observed only in the case of 2-methyl-
tetrahydrofuran, whose « cleavage to the enolate of
acetaldehyde and propylene rather than the enolate of
propionaldehyde and ethylene can be rationalized on
the basis that the more stable carbanion intermediate
was involved.

The « cleavage observed for 7-oxabieyelo[2.2.1 thep-
tane is probably fast for the same reason that bridge-
head protons in bieyelic sulfides have been found to be
more readily exchanged in base than the corresponding
protons in acyelic sulfides.?

In none of the tetrahydrofurans was g8 cleavage in-
volving abstraction of a ring hydrogen observed. This
is probably because the geometry is so unfavorable for
an E2 reaction in these five-membered ring compounds.
Tetrahydropyran and oxepane were also reacted under
these conditions; the products from the former are un-
known, but the latter 8 cleaved smoothly with abstrac-
tion of a B hydrogen in the ring. With a ring as large as
seven membered, the geometry required for an E2 reac-
tion of this sort is apparently accessible.

O*’

Under these conditions, 2,5~-dihydrofuran reacts vig-
orously to give an electrocyeclic ring-opening product,
the sickle-shaped dienolate ion I. This reaction has
been reported by Kloosterziel and van Drunen’ to occur
with potassium amide in liquid ammonia. By heating
in a sealed tube at 150° we were unable to convert I to
the W-shaped ion,” indicating a barrier to rotation about
the 2,3 bond of at least 23 keal/mol.

-G~ -
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Mechanism. —Letsinger and Pollart?® noted that
2-phenyltetrahydrofuran eleaves much faster than THF
itself and deduced that the first step was a-proton ab-
straction to give an anion, as shown below. In an ef-
fort to detect such an intermediate from THF, we ran a
cleavage in an nmr tube at 35°. Although no signals
were detected due to an intermediate, a plot of decreas-
ing butyllithium coneentration and increasing enolate
concentration vs. time showed that at least one inter-
mediate was involved and that it achieved its maximum
concentration of about 109, after 4 min. When the re-
action was quenched with D;O after 4 min, the result-
ing THY was shown by mass spectral analysis to con-
tain monodeuteriotetrahydrofuran in the amount ex-
pected if an 8% yield (based on BulLi) of THF anion
had been present. This result contrasts with the fail-
ure to gain evidence for an intermediate in the related
cleavages of dioxolanes and 1,3-dithiolanes; in those
cases, cleavage is probably faster because negative

(9) 8.0ae, W. Tagaki, and A. Ohno, J. Amer. Chem. Soc., 88, 5036 (1961).

(10) D. Seebach, Angew. Chem., Int. Ed. Engl., 8, 639 (1969), and refer-
ences cited therein.,
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charge develops in the transition state on wo electroneg-
ative atoms rather than one.
o

Q__,[O_)__‘[_"_‘s_:_lﬂ____/ + o=
P /

O —— &5
t N -
O- (0]

In certain reactions of epoxides with strong bases,
a-proton abstraction is apparently followed by carbon—
oxygen bond cleavage to a carbene, which gives rise to
several products.’* A carbene path in the current
cleavages (path b above) is ruled out, at least in the 2-
methyl- and 2-phenyltetrahydrofuran® cases, by the
cleavage products obtained; e.g., the former gives pro-
pylene and the enolate of acetaldehyde rather than eth-
ylene and the enolate of acetone. Relief of ring strain
in the epoxide cases presumably aids considerably in the
formation of the high-energy carbene intermediates.

(11) J. K. Crandall and L, H, C. Lin, J. 4mer. Chem. Soc., 89, 4526 (1967),
and references cited therein.

Bares AND Woop

The exclusion of path b leaves the much simpler,
symmetry-allowed!? — [ 4, 4 .2;] eycloreversion path a
as most likely for thesc reactions. Honeycutt’s find-
ing?d that the rate of disappearance of butyllithium in
THF is first order in butyllithium and 2.5 order in THI
is understandable in terms of this mechanism, assuming
1.5 mol of THF on the average are necessary to solvate
the lithium ions in the first step. In this connection,
by increasing the butyllithium-THE ratio in a THF
cleavage, we obtained a highly erystalline air-sensitive
substance which appears to be lithium enolate of ace-
taldehyde- %/, tetrahydrofuran.®

Registry No.—2,2,3,3-Tetramethylbutane-1,4~diol,
10519-69-4; lithium enolate of acetaldehyde, 2180-
63-4; lithium enolate of propionaldehyde, 33020-96-1;
lithium enolate of isobutyraldehyde, 32970-42-6;
lithium enolate of erotonaldehyde, 32970-43-7.
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Science Foundation for finaneial support.

(12) R. B. Woodward and R. Hoffmann, Angew. Chem., Int. Ed. Engl.
8, 781 (1969).
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The constitution and relative configurations proposed for this natural antitumor agent by Bianchi, Sheth, and
Cole were confirmed by an X-ray study on the polymorph with mp 142-143°, and the conformation was revealed

for the first time.

methoxyls on the C ring lie in the plane of the C ring, as far from one another as possible.

The C ring is rotated so that a methoxyl group lies above the A ring. The carbons in the

The carbon in the

methoxyl attached to ring A is nearly as far from the plane of the A ring as possible, on the same side as the C
ring. An attempt to confirm the absolute configuration using anomalous scattering by oxygen gave inconclusive

results but seemed to favor the configuration opposite to that proposed earlier.

symbolic addition and refined to an R of 0.039.

Although the antitumor activity of podophyllotoxin
(I) and several related lignans has long been known,?

10H
R R’ R
1 H OH OCH,
5 14 11-13 1 15
Il OCH;, H
I OCH, H OCH,

(1) This paper is based in part on the Ph.D. thesis of J. B. W,, University
of Arizona, 1971; some of the results were presented at the 161st National
Meeting of the American Chemical Society, Los Angeles, Calif., March
1971, ORGN 71.

(2) M. Belkin, Proc. Soec. Exzp. Biol, Med., 6, 308 (1947); J. L. Hartwell
and M, J. 8hear, Cancer Res., T, 716 (1947); M. G, Kelly and J. L, Hartwell,
J. Nat. Cancer Inst., 14, 967 (1954).

The structure was solved by

no X-ray or other study showing their preferred con-
formation has been reported. 5’-Demethoxy-g8-pelta-
tin A methyl ether (I1), one of the most active of these
lignans, was recently isolated from a Mexican plant,
Bursera fagaroides, and characterized by spectral com-
parisons with S-peltatin A methyl ether (IIT).* As a
check on the proposed constitution and configurations,
and to learn the conformational preferences of a lignan
of this series, we undertook an X-ray study on this
substance.

Experimental Section

Collection and Reduction of the Data.—A clear needle of di-
mensions 0.2 X 0.2 X 0.7 mm of 5-demethoxy--peltatin A
methyl ether (IT), mp 142-143°, was mounted for rotation about
the needle axis (¢). Oscillation and Weissenberg photographs
indicated space group P2,2:2; or P2,2,2; the former was later
established by the full intensity data. The crystal was mounted
on a Picker FACS-1 four-circle automated diffractometer set for
graphite-monochromatized Cu Ka radiation, A = 1.54051 A.
Unit cell dimensions, determined by least-squares refinement of
the angular settings of seven reflections, were ¢ = 9.174 (3),
b = 27.628 (7), and ¢ = 7.620 (1) A.

For data collection, the 26 scan technigue using a basic 2°
scan width modified for radiation dispersion was employed.
After scanning at 2°/min, 10-sec background counts were taken
at both ends of the scan. Three standard reflections were

(3) E.Bianchi, K. Sheth, and J. R. Cole, T'etrahedron Lett., 2759 (1969).



